Abstract Habitat loss and fragmentation are significant threats for primate species worldwide. However, few attempts have been made to look for general patterns in primate responses to habitat loss and fragmentation, or whether these may be associated with species' traits. We conducted a review of published literature on effects of patch size to quantify the effect of a reduction in this predictor on primates, and to determine whether these effects depend on species' traits. The effects of patch size on seven response variables (density, parasite prevalence and diversity, presence, genetic diversity, time spent feeding, resting and movement), were extracted from 135 papers and compared across six species traits (diet specialisation, social structure, body size, home range size, group size and dispersal ability). We found that density, parasitic prevalence and diversity and time spent feeding were positively associated with a reduction in patch size, while species' presence and genetic diversity were negatively associated. Time spent resting and moving did not show clear patterns. We found little evidence that the effect of patch size varies consistently with traits. This study provides important evidence for the consistent effect of patch size on a range of factors that influence the dynamics of primate populations. However, there is a need to move beyond quantifying patch size effects alone and to quantify the effects of changes occurring at broader landscape scales. This would allow more holistic primate conservation strategies to be developed across whole landscapes rather than being focussed on the management of individual patches.
Introduction
Habitat loss and fragmentation are among the primary causes of biodiversity loss worldwide (McGarigal and Cushman 2002; Hanski 2011 ). Habitat loss is defined as a reduction in the amount of habitat available for a species (Fahrig 2003; Ewers and Didham 2006) . On the other hand, fragmentation per se is defined as the breaking apart of habitat (Fahrig 2003) . Because landscape change tends to influence both the amount of habitat and the level of fragmentation the effect of these two processes on species needs to be understood to develop effective conservations plans. Empirical evidence suggests that habitat loss tends to have negative effects and outweighs the more variable effect of fragmentation (Fahrig 2003 (Laurence et al. 2007 ) on biodiversity loss. These effects may therefore complicate the interpretation of the effect of habitat loss and fragmentation on biodiversity. Nonetheless, seeking generalities about the effects of habitat loss and fragmentation is desirable as a means of informing conservation decision-making.
Primates are among the world's most threatened taxa (Mittermeier and Oates 1985; Rylands et al. 2008 ; Schipper et al. 2008 ) and they commonly occur in landscapes subjected to high levels of habitat modification (Schipper et al. 2008 ; Marsh et al. 2013 ). However, we currently lack general insights into the effect of habitat loss and fragmentation for primates and whether their effects vary across primate species ( . Patch size is a measure that implies both habitat loss and fragmentation, although without making a distinction between them (Fahrig 2003) . Isolation, generally measured as distance to the nearest fragment, is a predictor of habitat loss (Fahrig 2003) . Although primate studies about the effect of habitat loss and fragmentation are primarily undertaken at the patch scale rather than the landscape scale (Arroyo-Rodriguez et al. 2013a), they provide some insights into the effects of patch size across different primate response variables. For example, a reduction of fragment size seems to decrease the probability of occurrence of primate species, especially those with habitat and diet restrictions (Harcourt and Doherty 2005; Benchimol and Peres 2013) . On the other hand, the abundance of primate species seems to be highly variable in response to fragment size depending on habitat features such as food availability (Chapman et al. 2006b ; ). Some authors have found higher densities in small fragments compared to large, while other authors have found the opposite (Gonçalves et However, there is a need for a more general synthesis of the effects of patch size and isolation across primate species traits in order to derive general insights and to suggest broader statements about the effects of these two measures of habitat loss and fragmentation.
A complicating factor is that species can respond quite differently to habitat loss and/or fragmentation due to differences in life history and behavioural characteristics (Henle et al. 2004; Ewers and Didham 2006) . For example, body size can explain large mammal susceptibility to local extinctions due to habitat loss and fragmentation processes (Thornton et al. 2011) . Similarly, species with high flexibility in behavioural responses, such as diet and habitat, tend to be more tolerant of habitat loss and fragmentation effects, such as in birds (Renjifo 2001; Vetter et al. 2011; Newbold et al. 2012 ) and mammals (Hockey and Curtis 2008; Thornton et al. 2011 ). Traits associated with dispersal capacity, niche breadth and reproductive rate have also been found to determine butterfly and moth species' responses to habitat loss and fragmentation (Ö ckinger et al. 2010). In mammals, diet specialisation makes some groups, such as nectarivores and herbivores, as well as species able to use open areas, less susceptible to the negative effects of forest fragmentation (Vetter et al. 2011 ). This variation in the response of species to habitat loss and fragmentation is an important driver of conservation priorities (Henle et al. 2004 ; Thornton et al. 2011; Vetter et al. 2011) .
In primates, life history traits and sensitivity to environmental changes, such as landscape change, have been found to be related (Irwin 2008; Boyle and Smith 2010a) . This may be particularly true for traits such as body size, diet specialisation, home range size, habitat requirements, and the ability to traverse the matrix ( 
Methods

Hypothesis
First we developed a conceptual framework for the hypothesised influence of decrease in patch size on primate species as a function of their traits across a number of response variables. Patch size impacts primate species as a consequence of the loss and isolation of habitat and other processes associated with anthropogenic habitat degradation (Benchimol and Peres 2013) . These other processes include shortages of resources due to selective logging or the extraction of natural resources used by humans, and to higher rates of hunting and persecution for the pet and biomedical markets (Mittermeier et al. 2006; Marsh et al. 2013 ). However, species responses to patch size are expected to vary due to differences in their life-history traits (Henle et In developing our conceptual framework, we focussed on a limited number of life history traits and response variables that have previously been proposed as important. The response variables we considered were presence, density, parasitic prevalence and diversity, genetic diversity and behaviour (time spent on resting, feeding and moving). The traits we considered were body size ( Table 1 .
We then developed a series of hypotheses about the effect of a decrease in patch size on each response variable and how each trait influences these responses. Overall we hypothesised that a decrease in patch size would increase density, parasitic prevalence and diversity, and time spent moving and feeding, and decrease presence, genetic diversity and time spent resting (Table 2 ). We also hypothesised that the magnitude of the responses would depend on species' traits and therefore we developed specific predictions about how each trait influences the size of the responses to patch size (Table 2) . Few studies explicitly distinguished the effect of habitat loss from fragmentation, by using landscape variables and not only patch size and isolation, so we did not attempt to differentiate the effect of 
Review
A literature search for primate studies was conducted using two general databases [Web of Science and Proquest (research library)] and a specific primate database (Primatelit at Wisconsin University, USA). This search included papers and books published from 1900 until December 2013. Articles in English, Spanish, Portuguese and French were included in this search. The search for published articles was conducted using a combination of the following key words: ''fragmentation'', ''primates'', ''primate communities'' and ''habitat loss''. An additional search in Google Scholar for papers in Spanish, Portuguese and French was then conducted using the same key words.
In the first phase, a selection of papers based on the title and abstract was conducted to identify articles that studied primate species or communities in habitat fragments. We included peer-reviewed articles and book chapters, but review articles and meeting abstracts were not included. Review articles were, however, used to detect key references not detected in the database search. Other papers excluded from this systematic review were papers without information on habitat loss and fragmentation, theoretical papers, and papers evaluating effects of logging inside National Parks, hunting, and disturbances not related to habitat loss and fragmentation due to human activities, such as hurricanes. The Dispersal ability the dispersal ability of primate species between fragments seems to be determined by their ability to move on the ground (1, 2, 3, 4) and matrix composition (5, 3, 6, 7)
Ground movement Diet specialisation the degree of frugivory or specialisation in diet has been proposed as a characteristic that makes primates more sensitive to habitat loss and fragmentation (7, 11, 12) . These two processes are associated with a reduction in resource availability and changes in plant diversity and abundance, leading to changes in diet composition and high dietary flexibility (13, 14, 15, 16) Restrictions in diet are reflected in the activity patterns, time spent moving, feeding, resting and in social activities (15) . Food resources determine the time and distance needed to search and obtain those resources, with fruits requiring more time, and in some cases longer travel distances, to obtain (17) Group Size Living in a group puts constraints on species' behaviour and access to food resources (17) , increasing daily movement distances and time traveling (15, 18, 19, 20) . Although some species are able to live in smaller group sizes, this reduction puts additional constraints on resource defense and reproductive opportunities that can lead to local extinction (21) . Presence of species which are living in small groups may be at higher densities as a consequence of the loss of species that live in large groups (density compensation effect; 22) variety of uses of the term ''habitat'' in the studies included is a limitation when comparing studies in different habitats. We therefore only included papers on primate species that inhabit forest habitats such as rainforest, dry forest, swamp forest, temperate forest, and spiny forest. We did not include papers relating to primate species living in non-forest habitats, except the ones living in forest remnants within agricultural and urban landscapes. We found 275 articles that met these criteria. The second phase consisted of a more detailed revision of the selected articles, in order to extract information about the primate species' traits and the effect of patch size on primates. Only papers where the effect of patch size on presence, density, parasitic prevalence and diversity, genetic diversity or behaviour were stated or could be inferred from the results and discussion were included. These papers address one or several of the response variables chosen for this review. The papers selected had information about fragment size (i.e., they stated the size of all fragments studied or the range of fragment sizes studied) and they were studies that included repetitive sampling of the same fragments through time, or studies that involved primate groups followed for more than 6 months. Some papers covering studies of shorter duration were included if they contained detailed information on primate densities at several points in time or evaluated the presence of primate species in a high number of fragments, showing trends for some species (i.e., more than 20 fragments). The criteria in this second phase were met by 135 publications (Appendix 1).
We evaluated our response variables to habitat loss as changes in the response due to patch size only, because this is the predictor most used in the selected primate literature, independent of the type of design or methodology used to analyse the data, and gives us a mechanism to compare different studies (Appendix 1). From each study we recorded information on the effect of patch size as: (1) positive, if an increase in the response variable studied was reported with decrease in patch size; (2) negative, if a decrease in the response variable was reported with decrease in patch size; or (3) none, if no change in the response variable was reported with decrease in patch size. None of the articles looked at primate species traits per se. We then identified the traits of the species studied using alternative literature (Mittermeier et al. 2013 ). For each species, data for the following traits were extracted: body size, diet specialisation, home range size, group size, dispersal ability and social structure (see Table 1 for categories and definitions of trait categories used).
Analysis
All papers included in this review used patch size as one or the only predictor to measure habitat loss and fragmentation effects on primate species. Some of the papers also included other variables at patch and landscape scale (only seven papers include landscape variables). However, the only consistent predictor across all papers included was patch size. We therefore used patch size as our predictor to compare the effect of habitat loss and fragmentation across traits and to test our predictions. For each response variable we counted the number of studies that recorded negative, positive or no response to patch size reduction. For each response variable we used v 2 tests (Zar 1996) to test whether the frequency of negative, positive and no response was significantly different from random. For each response variable/trait combination we then constructed contingency tables of the number of studies finding different effects (positive, negative or no response) for each trait value. For each of these response variable/trait combinations we tested for an association between the effect (positive, negative and no response) and trait values using v 2 tests (Zar 1996) . We used STATGRAPHICS PLUS 2.0 for the statistical analysis.
Results
Primate studies and species across continents
The vast majority of studies that quantify density, presence, parasitic prevalence and diversity, genetic diversity and behavioural responses to patch size have been conducted in the Neotropics, followed by Africa, Asia and Madagascar (Fig. 1) . Most studies focus only on one primate species and few focus on multiple species. No studies on the response of multiple species were found for Madagascar. Fig. 1 Proportion of papers and primate species per paper which evaluate patch size effects across continents 
General patterns
The effect of a reduction of patch size on density, presence, parasites, genetics and feeding patterns was statistically different from random (Fig. 2 , p \ 0.05). However, patterns for resting and movement were not significantly different from random (resting: p = 0.78; movement: p = 0.24). Primarily, positive effects were observed for density, parasitic prevalence and diversity and feeding while negative effects were observed for genetic diversity and presence. These were all consistent with our hypotheses. The patterns for resting and movement behaviour showed both positive and negative effects. Fig. 3 Effect of patch size decrease on parasitic prevalence and diversity across primate species traits that were significant: a social structure (X 2 = 6.94, df 2, p \ 0.01), and b body size (X 2 = 16.00, df 3, p \ 0.01)
Traits
The response of density, presence, genetics and behaviour to a reduction of patch size did not show statistically significant relationships with trait values (Table 3 , Appendix 2). Therefore, the available evidence was insufficient to confirm any of our hypotheses with respect to trait effects for these response variables. On the other hand, the relationship between the effect of a reduction of patch size on parasitic prevalence and diversity variation with trait values was found to be statistically significant for body size and social structure (Table 3) . Contrary to our hypotheses that body size and social structure do not influence the magnitude of the effect of patch size we found that: (1) species with small body size were less susceptible to the effect of a reduction of patch size on parasite infestations than large and medium size species (Fig. 3a) , and (2) solitary species were less susceptible to the effect of reduction of patch size on parasite infestations than species with other social structures (Fig. 3b) .
Discussion
Contributions of this paper
For primates, we found consistent and general responses to a reduction of patch size for most response variables, but we were unable to identify strong relationships with traits, except for parasitic prevalence and diversity. This suggests that general principles for the effect of patch size on primate species may be possible, but we may need more information to understand the role of traits in explaining any variation in responses among species. This is particularly important for primates because of their high sensitivity to habitat loss and fragmentation (Chapman et However, variation in their responses may limit the extent to which we can develop general principles for their conservation (Chapman et al. 2006a, b) . In addition, it is possible that we did not detect variation across traits because we were only able to characterise responses qualitatively (positive, negative, none), which was a limitation for our analysis. However, this limitation highlights the importance of defining clear predictors of habitat loss and fragmentation in the design of future primate studies. On the other hand, studies describing the landscape context, edge effects (Laurence et al. 2007 ) and additional processes such as source-sink dynamics, complementation and supplementation processes (Dunning et al. 1992 ) that allows primate species to survive in fragmented landscapes are needed.
Our review provides two important insights. First, we appear to have good evidence for consistent directions on the overall effects of patch size on primates for a number of response variables. Second, there was not strong evidence for the influence of traits on the effect of patch size, but their effects may be masked by other confounding processes such as type of clearing, climate, hunting pressure and the qualitative nature of the data. However, our review also highlights an absence of attempts to separate the effects of habitat loss from fragmentation, with studies conducted at the landscape rather than the patch scale.
Synthesis of key processes
Most response variables showed consistent patterns of increase or decrease across studies, but we were unable to find evidence for strong relationships between traits and the response of primates to a reduction in patch size in most cases (except for parasitic prevalence and diversity). For primates, only two studies in fragmented landscapes had evaluated primate species traits as variables useful for predicting primate species presence but these had contradictory findings (Onderdonk and Chapman 2000; Boyle and Smith 2010a). Onderdonk and Chapman (2000) failed to find evidence that home range size, body size, group size and degree of frugivory were variables useful for predicting six primate species' ability to live in forest patches in Africa. Conversely, Boyle and Smith (2010a) found that the proportion of fruit in each primate species' diet (diet specialisation) was the best predictor for finding species in fragments, followed by home range size as the second best predictor, for a primate community in the Brazilian Amazon. The diversity and complexity of traits and their possible interactions in primate species may make it difficult to generalise about the role of traits in fragmented landscapes. In addition, there may be difficulties trying to lump African primates and South American primates because of the long evolutionary history that separates them (at least 35-36 My) and the ecological differences between the forest ecosystems of the two continents (Emmons and Gentry 1983) . Disentangling the role of traits is important for conservation efforts at landscape and larger scales ( Research on multiple species with variable life history traits inhabiting fragmented landscapes will help to better understand the varying responses of primates to habitat loss and fragmentation. Studies to do this need to simultaneously control for the habitat loss, fragmentation and spatial configuration effects on the species studied, following a landscape approach to sustainable conservation (Wiens 2009 ).
A consistent pattern across studies was that a decrease in patch size results in a decrease in presence, but an apparently contradictory increase in density of primates (Harcourt and Doherty 2005; Benchimol and Peres 2013 ). This may result from processes of extinction and competition among primate species. Under habitat loss and fragmentation some species will become locally extinct and therefore their presence reduced . Subsequently an increase in density for the remaining primate species may be explained by a density compensation effect (McArthur et al. 1972 ) due to a reduction in inter-specific competition. Similar effects are seen in primate communities with different degrees of hunting pressure, in which the remaining primate species increase in abundance, offset by the absence of interacting competitors (Peres and Dolman 2000) . Another possibility is that this is a result of crowding in small patches (Anderson et al. 2007a; ; Chagas and Ferrari 2011; Carretero-Pinzón 2013) prior to the extinction debt being realised which may be evident only after several generations have passed (Chapman et al. , b, 2010 . This highlights the need for long-term studies in fragmented areas to disentangle these processes before and during the fragmentation process.
Parasitic prevalence and diversity
One trait effect we were able to identify was that of body size and social structure for determining the effect a reduction of patch size has on parasitic prevalence and diversity. In particular, increases in parasitic prevalence and diversity due to a decrease in patch size for solitary species (noyau and solitary) were less evident than for species with other social structures. Noyau is a type of social structure in which an individual male has a large home range, including the home range of several females and their immature (Fleagle 1999 ). The increase in parasitic prevalence and diversity for primate species could be explained by more contact between individuals in a reduced area under habitat loss and fragmentation, with the effect being particularly strong for non-solitary species (Gillespie and Chapman . Habitat loss and fragmentation affects resource availability for primates, and therefore also may affect their immune reactions to parasitic infections due to nutritional stress Chapman 2006, 2008) . Larger primate species require more resources compared to small primate species, making them more susceptible to nutritional stress and potentially to higher parasitic prevalence and diversity as shown from the evidence in the literature (Janson and Chapman 1999; Chapman 2006, 2008) . In conservation terms, this means that larger species may be under a greater pressure of increased parasitic prevalence and diversity, and this needs to be considered when implementing management actions in fragmented landscapes. For example, in fragmented landscapes where large primate species are present and the potential for inter-and intra-specific parasitic transmissions is high, the implementation of corridors between fragments needs to take in consideration the matrix permeability. In addition, in fragmented landscapes, these transmissions can be increased if the nutritional stress of these species cannot be reduced.
Research gaps and future directions
Primate species living in fragmented landscapes also face additional pressures due to their close proximity to human settlements and production activities such as agriculture. These pressures can confound predictions of the effects of habitat loss and fragmentation on primate species. Management of these additional pressures is difficult because they sometimes occur concomitantly. Spatial modelling analysis and landscape-scale studies (e.g. multiple scale analysis) in fragmented areas could help to elucidate the effects of these additional confounding pressures. For example, spatial modelling analysis evaluating the movements of multiple primate species stratified by life history traits in agricultural areas, while controlling for habitat loss and degree of fragmentation, could be useful for detecting the effects of some of those additional pressures such as close proximity to human settlements. In addition, the assessment of the effect of hunting pressure and/or selective logging on fragmented landscapes may also be possible with a spatial modelling approach using multiple landscapes in which the amount of habitat and degree of fragmentation is controlled while the hunting pressures vary. We only found one study which evaluated hunting pressure and timber extraction in a fragmented landscape while incorporating patch and landscape variables to determine occupancy of primate and carnivore species for one landscape . found that timber extraction and hunting pressure have detrimental effects on primate and carnivore persistence, over and above patch size for some species' persistence.
Research applying a landscape approach to evaluating the independent effects of habitat loss and fragmentation (Arroyo-Rodriguez et al. 2013a) and including the spatial configuration of the habitat available is a priority for primate conservation. The incorporation of concepts and research designs from disciplines such as landscape ecology and spatial ecology will be particularly useful for achieving this. Importantly, understanding the role of traits on the effect of habitat loss and fragmentation is critical for making general recommendations for primate conservation in fragmented landscapes. We therefore also recommend a greater focus on explicitly testing the role of traits in driving the responses of primates to habitat loss and fragmentation. The ability to make generalizations based on species' traits such as body size or group size could help to predict the responses of different species to landscape change and management actions (e.g. a corridor implementation or a restoration project). This could provide a more cost-effective output for conservation than waiting for the outcomes of the long-term monitoring of primate responses. This could mean the difference between saving or losing a primate species in rapidly transforming landscapes.
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Appendix 1
See Table 4 . The numbers in the table correspond to the following references. Effect of a decrease in patch size on density, presence, parasitic prevalence and diversity, and genetic diversity across primate species traits
